The 2012/13 influenza season in Canada has been characterised to date by early and moderately severe activity, dominated (90%) by the A(H3N2) subtype. Vaccine effectiveness (VE) was assessed in January 2013 by Canada's sentinel surveillance network using a test-negative case-control design. Interim adjusted-VE against medically attended laboratory-confirmed influenza A(H3N2) infection was 45% (95% CI: 13-66). Influenza A(H3N2) viruses in Canada are similar to the vaccine, based on haemagglutination inhibition; however, antigenic site mutations are described in the haemagglutinin gene.
Background
The 2012/13 influenza season in North America has shown moderately severe activity, spiking over the December/January holiday period, with influenza A(H3N2) viruses predominating among typed/subtyped viruses to date in both Canada (about 90%) and the United States (US) (about 70%) [1, 2] .
The updated 2012/13 A(H3N2) reference strain recommended by the World Health Organization as vaccine component for the northern hemisphere (A/ Victoria/361/2011-like) is antigenically distinct from that recommended for the previous season (A/ Perth/16/2009-like) [3] , with 11 amino acid (AA) residue differences at antigenic sites of the haemagglutinin (HA) surface protein [4] .
Vaccine effectiveness (VE) in Canada was assessed by the country's sentinel surveillance network in January 2013. Here we report the interim 2012/13 VE estimates against the dominant circulating influenza A(H3N2) subtype in the context of antigenic and genetic characterisation of circulating strains.
Estimating influenza vaccine effectiveness
As previously described [5] [6] [7] [8] [9] [10] [11] , a test-negative casecontrol design was used to estimate VE, whereby a patient presenting with influenza-like illness (ILI) testing positive for influenza virus was considered a case and a person testing negative was considered a control.
Several hundred community-based practitioners in sentinel surveillance sites across participating provinces (British Columbia, Alberta, Manitoba, Ontario and Quebec) may offer nasal or nasopharyngeal swabbing to any patient presenting within seven days of symptom onset of ILI -defined as acute onset of respiratory illness with fever and cough and one or more of the following: sore throat, arthralgia, myalgia or prostration.
The VE analysis period included specimens collected from 1 November 2012 (week 44: 28 October 2012-3 November 2012) to 23 January 2013 (week 4: 20-26 January 2013), taking into account onset of influenza activity ( Figure 1 ) and an immunisation campaign that started in October. Epidemiological information was obtained from consenting patients or their parents/ guardians using a standard questionnaire at the time of specimen collection, before testing. Ethics review boards in each participating province approved this study.
Specimens were tested for influenza viruses A (to subtype level) and B at provincial reference laboratories by real-time reverse-transcription polymerase chain reaction according to provincial protocols [4, 11] . Odds ratios (OR) for influenza vaccination among cases versus controls were estimated by multivariable logistic regression. VE against medically attended laboratory-confirmed influenza was calculated as [1 -OR] × 100. Patients for whom the timing of vaccination was unknown or was less than two weeks before symptom onset were excluded from the primary VE analysis but explored in sensitivity analyses. Those with unknown comorbidity were included and further explored in sensitivity analyses.
Genetic characterisation of sentinel influenza A(H3N2) viruses
Sequencing of the HA1 gene of a convenience sample (n=82) of available influenza A(H3N2) viruses, spanning the season so far but with emphasis on more recent activity, was undertaken for each province to identify AA substitutions within the 131 residues of antigenic sites A-E [11, 12] . These were expressed as percentage identity and relatedness compared with the vaccine reference strain (A/Victoria/351/2011). Pairwise identities were calculated from alignments of translated protein sequences generated in Geneious Pro v4.8.5 using a MUSCLE multiple sequence alignment algorithm. The approximate likelihood method was used to generate the phylogenetic tree of aligned nucleotide sequences in Geneious Pro v4.8.5.
HA sequences from reference strains used in the phylogenetic analysis were obtained from the EpiFlu database of the Global Initiative on Sharing Avian Influenza Data (GISAID) ( Table 1) .
Interim estimates of influenza vaccine effectiveness Participants
A total of 939 specimens were submitted from sentinel surveillance sites between 1 November 2012 and 23 January 2013. After exclusion criteria were applied (Figure 2 ), 739 participants contributed to overall VE analysis: their profile was similar to that seen in VE , we excluded from the epidemic curve specimens from the following patients: those failing to meet the influenza-like illness (ILI) case definition or for whom it was unknown (n=24); those whose specimens were collected more than seven days after symptom onset or for whom the interval was unknown (n=132); those whose age was unknown (n=1) and those for whom influenza test results were unavailable or indeterminate (n=9). Specimens were included regardless of the patient's vaccination status or timing of vaccination; specimens from patients with unknown comorbidity were also included.
Table 1
Reference haemagglutinin sequences used in phylogenetic analysis, Canada, 2012/13 sentinel surveillance, January 2013 analyses of previous seasons [4, 8, 9, 11] . Those aged 20-49 years contributed most to the analysis (43%) and the median interval between symptom onset and specimen collection was three days (Table 2) .
About half (355/739) of the specimens were positive for influenza, of which 86% (287/334) of subtyped viruses were A(H3N2) ( Table 3) , a predominance similar to that noted elsewhere for Canada ( Figure 1) [4, [7] [8] [9] 11, 14] and was also similar for influenza A(H1N1) pdm09 immunisation: 48% compared with previous Canadian surveys (41%) [11] . The proportion of samples from patients with comorbidity was comparable to previous sentinel system estimates (14-23%) and other reports for Canada (15-20%) [4, [7] [8] [9] [10] [11] 15 ].
The overall crude (unadjusted) VE against influenza A(H3N2) virus was 39% (95% CI: 10-59) and against any influenza was 45% (95% CI: 20-63) ( Table 4) . Fully adjusted VEs were 45% (95% CI: 13-66) for A(H3N2) and 52% (95% CI: 25-69) overall. The overall VE estimate reflects the predominance of influenza A(H3N2)
Virus characterisation
All influenza A(H3N2) isolates to date this season characterised in Canada by the haemagglutination inhibition assay have been considered antigenically similar to the 2012/13 vaccine component, although characterisation so far includes few (n=3) of the sentinel viruses described here [1] . HA1 sequences of a subset of 82 (29%) sentinel A(H3N2) viruses were thus assessed for substitutions potentially contributing to suboptimal VE ( Figure 3 , Table 5 ). Sequencing was based on original specimens from British Columbia (n=15), Alberta (n=25), Manitoba (n=4) and Ontario (n=11) and virus isolates from Quebec (n=27). Table 5 ). These Clade 6 viruses also included loss of glycosylation at position N45S, a non-antigenic site mutation.
Discussion
Mid-season reporting of virus evolution, vaccine relatedness and VE can support real-time risk communication and mitigation. Our interim 2012/13 VE results show that vaccination reduced the risk of medically attended laboratory-confirmed influenza due to the predominant A(H3N2) virus subtype by about half.
Our estimates are comparable to, if somewhat lower than, interim 2012/13 VE estimates recently reported by the US indicating 62% VE overall, 55% for influenza A and 70% for influenza B [17] . The proportion of influenza A viruses contributing to interim VE analysis in the US study setting (57%) is different from the profile for the rest of the US (about 70%) or Canada (about 90%); influenza A(H3N2) viruses have so far predominated in both countries [1, 2] . Participant profiles were not presented and multivariable adjustment was also not undertaken in the interim US analysis. Although TIV: trivalent influenza vaccine. a Chronic medical conditions that place individuals at higher risk of serious complications (hospitalisation or death) from influenza as defined by Canada's National Advisory Committee on Immunization [13] , including heart, pulmonary (including asthma), renal, metabolic (such as diabetes), blood, cancer, immune compromising conditions or those that compromise the management of respiratory secretions and increase the risk of aspiration or morbid obesity. Questionnaire was answered as 'yes', 'no' or 'unknown' to any one or more of these conditions without specifying. b Vaccine status was based on self/parental/guardian report. Detail related to special paediatric dosing requirements was not sought.
Immunised participants were predominantly offered split (non-adjuvanted) 2012/13 trivalent inactivated influenza vaccine during the regular autumn immunisation campaign. In British Columbia and Quebec, influenza vaccine is provided free of charge to high-risk groups [13] . Others are encouraged to receive vaccine but must purchase it. In Ontario, Alberta and Manitoba, the vaccine is provided free of charge to all citizens aged ≥6 months. c In Canada, adjuvanted vaccine is approved for people aged ≥65 years and live-attenuated vaccine by nasal administration is approved for those aged 2-59 years [13] ; their use, however, remains infrequent. Of the 47 people aged ≥65 years who were considered immunised in this study, 14 reported that they received adjuvanted vaccine and 19 did not know, while the rest would have received non-adjuvanted vaccine. Overall, 5/141 immunised participants and 5/18 immunised children aged ≤10 years reported intranasal administration. Vaccine effectiveness analysis was not stratified on that basis. d Immunised people who received the vaccine <2 weeks before symptom onset or for whom this was unknown were excluded from the primary vaccine effectiveness analysis. They were included for assessing 'any' immunisation regardless of timing and for comparison with other sources of vaccine coverage. The denominator is therefore shown for 'any' immunisation. e Children <2 years-old in 2012/13 were excluded from 2011/12 vaccine uptake analysis as they may not have been age-eligible in autumn 2011.
f Children <3 years-old in 2012/13 were excluded from 2010/11 vaccine uptake analysis as they may not have been age-eligible in autumn 2010. g Children <4 years-old in 2012/13 were excluded from influenza A(H1N1)pdm09 vaccine uptake analysis as they may not have been ageeligible in autumn 2009.
Table 3
Laboratory profile of specimens included in primary analysis, interim 2012/13 influenza vaccine effectiveness evaluation, Canada (4) 1 (7) 4 (7) 4 (4) 15 (5) Subtype unknown 4 (5) 1 (2) 9 (64) 1 (2) 6 (6) 21 (7) a Ontario was delayed while awaiting ethics board review, diminishing its contribution to this interim analysis. The phylogenetic tree was created by aligning the 82 Canadian sentinel sequences against sequences representative of emerging viral clades as described by the European Centre for Disease Prevention and Control (ECDC) [16] (n=10), A(H3N2) sequences collected globally between 1 November 2012 and 18 January 2013 (n=17), and recent vaccine strains (n=3). The global sequences were downloaded from Global Initiative on Sharing Avian Influenza Data (GISAID) by searching for human influenza A(H3N2) haemagglutinin sequences collected in the specified period (Table 1) . our own adjusted VE estimates did not substantially differ (less than 5-10%) from our unadjusted VE estimates, assessment of bias and confounding has to be separately undertaken for each dataset. Nevertheless, suboptimal VE for the influenza A(H3N2) component of the vaccine in both Canada and the US is inconsistent with haemagglutination inhibition characterisation indicating good vaccine match to circulating A(H3N2) viruses [1, 2] . Such discordance between conventional in vitro characterisation of vaccine match by haemagglutination inhibition and epidemiological measures of VE has been noted in previous seasons' estimates from our sentinel network [6, 7, 11] , highlighted also in a recent meta-analysis of other studies, including randomised controlled trials [18] .
Vaccine and clade strains
Molecular markers of virus mutation may offer more insight. It has previously been suggested that a change of at least four AA in two or more HA antigenic sites heralds emergence of virus drift, potentially compromising antibody binding [19] . However, HA antigenicsite maps have been updated and more studies are needed to correlate genetic variation in circulating viruses with epidemiological variation in measured VE [12, 20] . Not only the number but also the nature and location of AA substitutions are likely to be relevant. Furthermore, hypotheses to explain the variable efficacy of repeat immunisation have included positive and negative interference from pre-existing antibody, with differential effects depending on the antigenic distance across successive vaccine components and circulating strains [21] . We note that a high proportion of participants (91%) who were immunised this season had also received vaccine the previous season. These virological, host and other factors potentially contributing to suboptimal VE warrant more in-depth evaluation.
Limitations of this surveillance approach to VE estimation have been described previously [6] [7] [8] [9] [10] [11] . For our interim analysis, we draw particular attention to small sample size, resulting in wide confidence intervals and variability around the point estimate. Age-specific VE analyses (e.g. children and elderly people) would be of additional important interest -our estimates primarily reflect the prominent contribution of adults 20-49 years of age. However, stratification of VE analysis by age would further reduce the statistical power and precision of estimates in this interim report. The slightly higher VE with restriction to participants without comorbidity (Table 4) may similarly reflect such variability. End-of-season analysis will further expand upon these interim findings and may better support stratified analyses. Although we have assessed vaccine relatedness through gene sequencing of communitybased sentinel viruses available from each province and across the season to date, in this interim assessment the sampling frame for specimen selection was not random or systematic. Bias may result from the preferential inclusion of specimens that demonstrate low cycle threshold values (high RNA levels) or successful virus isolation. These, however, are issues for all laboratory-based influenza surveillance. Finally, in reviewing participant profiles, we identified no obvious signals of bias and in our analysis we adjusted for recognised potential confounders, but ultimately, given the observational design, we cannot rule out other unrecognised influences on the VE estimates.
In summary, our interim findings indicate that the 2012/13 vaccine shows a substantial but suboptimal protection. As such, adjunct protective measures (e.g. antivirals) may be warranted for those at high risk of influenza complications, whether they are vaccinated or not. Interim virus monitoring and VE results may also inform vaccine reformulation for subsequent seasons. Ultimately, however, better understanding of the factors affecting annual influenza VE is needed for improved product development and immunisation programme acceptance in the long term.
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